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Organizational levels in body

Microdialysis;mass spec.
-hormones, neurotransmitters…

DNA – GWAS; EWAS

Immunohistochemistry

Electron microscopy

Cell culture

Brain- EEG

Central nervous system

Behavioral studies

What is aging? What is sleeping? Where?

Biological measurements
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About measurements
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Collection of samples

Main thought:

*hit in, *hit out



Phases of the analysis

• Sample collection – tissue dissection, collection time, storage
• Primary separation – chromatography, electrophoresis
• Detection – electorchemistry, mass spectrometry….
• Data analysis
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Methods for hormone
measurements



Radioimmunoassay and ELISA
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Hormones



About hormone secretion

• Three stage regulation: hypothalamus-
pituitary-peripheral gland – hormone axes

• Secretion pattern often pulsatil
• Highly individual
• Large variations across the life span

Challenges for research



Organization of hormone secretion

HYPOTHALAMUS

LHR
H

GHR
H
CRH
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Gonadal axis hormones



GnRH (LHRH) - LH/FSH - Estrogen/androgen



Gonadal hormones 



Modest changes in sleep 
across menstrual cycle 

• Not affected: total sleep time, sleep efficiency, sleep 
latency, or the amount of SWS

• REM latency is shorter in luteal than follicular phase, 
and time spent in REM sleep is slightly longer in the 
early follicular phase (27% of total sleep time) as 
compared to the late luteal phase (23%) 

• Power in the spindle frequency range is higher in the 
luteal phase, coinciding with the rise in body 
temperature 

• Premenstrual syndrome (PMS) introduces also sleep 
problems



Sleep and menstrual cycle in reseaarch

• The magnitude of sleep effect varies, particularly for self-
reported sleep quality, which worsens in some, but not all, 
women when premenstrual symptoms emerge

• For research purposes, the impact of the menstrual cycle phase 
should be kept in mind when data are collected and, ideally, 
the phase should be documented

 
• When comparing women with men, women of reproductive age 

should be studied in the early-mid follicular phase before there 
is potential influence from ovarian hormones Baker et al, 2018



Sleep and menopause

6 year difference
between recordings

Baker et al Sleep and Sleep Disorders in the Menopausal Transition
Sleep Med Clin. 2018 Sep;13(3):443-456

Perimenopausal

Postmenopausal



Polo-Kantola et al

The Journal of Clinical Endocrinology & Metabolism, Volume 93, Issue 5, 1 May 2008, Pages 1655–1661, https://doi.org/10.1210/jc.2007-2677

Profiles of 24-h hormone profiles in post- and premenopausal women at baseline and 6 months 
of  estrogen replacement therapy 



Baker et al Sleep and Sleep Disorders in 
the Menopausal Transition
Sleep Med Clin. 2018 Sep;13(3):443-456
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Corticosteroids



Steiger 2003

Cortisol secretion in aging
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Growth hormone



Growth hormone secretion in aging



Growth hormone and sleep restriction

RESEARCH LETTERS| VOLUME 356, ISSUE 9239, P1408, OCTOBER 21, 2000
Effect of sleep deprivation on overall 24 h growth-hormone secretion
Dr Gabrielle Brandenberger, PhD 
Claude Gronfier, PhD
Florian Chapotot
Chantal Simon, PhD
François Piquard, PhD
Published:October 21, 2000
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Melatonin



Melatonin levels in aging

The pineal gland is cacified in the course of aging



Individual variation in melatonin secretion across 24 hours

-melatonin measured in blood (higer values) and saliva (lower values) in the same subjects
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Insulin



Insulin and 
aging

How much insulin need to be 
secreted to get glucose into the cells?
-insuline resistance: insulin/glucose 



Insuline secretion and 
aging

Abnormal glucose metabolism is not a necessary 
component of aging 

Older adults with diabetes and altered glucose 
status likely represent a vulnerable subset of the 
population
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Insulin secretion and 
sleep

restriction



Partial sleep restriction for 5 
days

19 20 21 22 23 00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18

TUE Arrival baseline day 1

WED baseline day 2

THU sleep debt day 1

FRI sleep debt day 2

SAT sleep debt day 3

SUN sleep debt day 4

MON sleep debt day 5

TUE recovery day 1

WED recovery day 2

THU departure



Insulin and sleep deprivation
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Hormones – summary of sleep effects

• Gonadal axis – females and males separately

-annual and life span modifications – sleep only modest, if any effects 

• Growth hormone axis

-robust circadian and life span modulation – sleep has significant effect

• Stress axis
-robust circadian modulation – sleep has clear effects, life span modulation also

• Oxytocin

• Melatonin

-modulated predominantly by light – sleep does not appear to have effect; life span 
modulation exists

• Orexin

• Insulin
-main modulation by nutrients, circadian and sleep effects clear, modest life span 

modulation



Collaborative research

Epidemiologi
cal study

Polysomnography

Actigraphy

Questinneires
Choise of population

Research question: what are the consequences of insufficient sleep? 

Experimental sleep restriction

Shift workers

Genetic studies
GWAS
EWAS
Expression assays

Laboratory measurements
CRP, immunology
Hormones
.
.

Metabolic profiling
Metabolomics

Imaging
fMRI, PET…….

Animal models
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How to know about a 
method?



Questions to 
ask

• How well can the result be repeated?
-measurement of one sample several times

-re-sampling and measurement

-range and std deviation good measures

• Sensitivity – enough?
-physiological variation rarely more than 10%, almost never over 20%

• Is the sample representative?
-what does blood value tell about brain

-epidemiological samples

• Effect size
-in polygenic phenomenon usually less than 10%
-how significant is the finding?

• Significance

-is more than a p-value!

• Cost-benefit analysis



More 
questions

•How does the original data look like? 
-Normalizations, statistical corrections, algorhytms, simulations

•How does the choise of tool affect the outcome?
-In epidemiological studies: question formulation     

-proton spectroscopy vs. mass spectroscopy;    

 -Illumina vs. other platforms,    

 -KEGG vs. other pathway algorhythms
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Methods in genomic 
research

Candidate gene approach – in situ hybridization, blots

Genome-wide association study

Genome-wide epigenetic analysis

Specific genomic analyses



What can we measure?

• DNA – basic genomic structure – genetic suspectibility, 
risk factor (?)

• mRNA – gene expression – acitivity/inactivity of the 
gene

• Methylation – activity/inactivity or blocking of the gene

• Protein – enough/not enough/corrects vs. incorrect 
structure

-enzymes, structure proteins

Phosphorylation level – active/inactive
• Amino acid – enough/not enough



Main difficulty

• Establishing accurate phenotype

-sleep duration, sleep quality, SWS, RWM, delta 
power…….

Same problem with aging!

Also with diagnosis of many diseases (particylarly 
mental disorders)



Development in 
methodology

• GWAS – rapid, rather cheap, realiable, small sample size

- suited also for epidemiological studies

Methylation analysis – EWAS

-still under method improvements



Transcription - translation



Snip – single nucleotide polymorph

Is the variation functional?

Will the change be reflected as 
change in final protein function?
-enzyme activity, receptor 
affinity etc.



GWAS

Genome-wide association study identifies a genome-wide 
set of genetic variants in different individuals to see if 
any variant is associated with a trait 

GWASs typically focus on associations between single-
nucleotide polymorphisms (SNPs) and traits like major 
human diseases
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Gene expression 



Microarrays

Measurement of the activity (the expression) of thousands 
of genes, to create a global picture of cellular function

 

Distinguish between case and controls 



Microarray
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Epigenetic analysis



DNA methylation

•DNA methylation is a process by which 
methyl groups are added to the DNA 
molecule. 

•Methylation can change the activity of a 
DNA segment without changing the 
sequence. When located in a gene 
promoter, DNA methylation typically acts to 
repress gene transcription.
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Aging, sleep and genetic 
studies



Questions about aging and sleep and
sleep deprivation/restriction

• Does aging change expression of genes? Which genes?
• Does aging change action of gene networks
• Does aging block expression of some genes/gene netoworks
• What is the baseline for aging comparisons?
• Circadian variations in gene expression and methylation

Problem: both aging and sleep are systems level events:
What is aging/sleeping? where? when?
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Aging and genetics

Genome: hardware

Epigenome: software

Aging genes tend to be at gene network hubs; aging genes are more likely to collaborate with oneanother than with 
background, transcription factor or housekeeping genes



Genetic vs. environmental factors in 
longevity

Genetic factors

Environmental  factors

years100501

Overall estimate of heritability: 16% (15-40 in different studies)

70 90

Specific geneseGenetic factor
dominance



Candidate gene studies/GWAS 
studies

• Apolipoprotein E (APOE) and plasma cholesterol level: 
risl variant (e4) carriers have lower APOE and higher 
plasma CRP and LDL levels, higher body mass index and 
more atherosclerosis

•  Forkhead/winged helix box (FOXO) IGF-1 signaling; 
AMPK (adenosine monophosphate-activated protein 
kinase)

• Both have been validated also in genome-wide 
association studies



More identified genes:

• GH/IGF-1/insuling signaling associated genes
• TORC genes – protein synthesis regulation
• Sirtuins – regulation of metabolic and neuronal 

pathways
• Telomer genes – longevity
• CETP
• Tens more genes….

No significant healthy aging-genes have been found. SLC22A4 (the cotransport of 
sodium ions and ergothioneine, which is an antioxidant), and KCNE4 (potassium 
voltage channel regulatory unit) were over-represented 



Genetic and epigenetic regulation of human aging and longevity
Brian J.MorrisabcBradley J.WillcoxbcTimothy A.Donlonbd

”Gerontome”
• Aging genes tend to have high network connectivity and be at 

network hubs
• More likely to collaborate with oneanother than with other 

genes
• Physical closeness may contribute 

https://www.sciencedirect.com/science/article/pii/S0925443918303326?via%3Dihub#!
https://www.sciencedirect.com/science/article/pii/S0925443918303326?via%3Dihub#!
https://www.sciencedirect.com/science/article/pii/S0925443918303326?via%3Dihub#!
https://www.sciencedirect.com/science/article/pii/S0925443918303326?via%3Dihub#!
https://www.sciencedirect.com/science/article/pii/S0925443918303326?via%3Dihub#!
https://www.sciencedirect.com/science/article/pii/S0925443918303326?via%3Dihub#!
https://www.sciencedirect.com/science/article/pii/S0925443918303326?via%3Dihub#!
https://www.sciencedirect.com/science/article/pii/S0925443918303326?via%3Dihub#!
https://www.sciencedirect.com/science/article/pii/S0925443918303326?via%3Dihub#!
https://www.sciencedirect.com/science/article/pii/S0925443918303326?via%3Dihub#!
https://www.sciencedirect.com/science/article/pii/S0925443918303326?via%3Dihub#!


Neighboring genes are important!

The shift is stronger for the carriers 
of the longevity-related allele



Genetic events in aging

• 57 gene loci identified in connection of genomewide lifespan 
studies

• Dysfunction of transcriptional and chromatin networks

• Chromatin from tight regulation between antivity and inactivity to 
”grey zone” between repressed and active, inactive genes start to 
”leak”

• Breakdown in chromatin connectivity: senescence-associated 
heterochromatin foci start to emerge (dominate) instead of well-
defined, constitutive heterochromatin blocks
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Studies on sleep



One summary

Genes associated with 
sleep disturbances

Phenotype

ESRRG, KIF26B, HIBCH, COL4A2, ZN826 Sleep duration (daytime naps)
RHBDD1, MSRA, FOXN3, ERC2, NR1D2 Circadian phenotypes, chronotypes
NRSN1 Abnormal sleep behavior
SLC9A2, CTNNA3, USH1C Awakening after sleep onset
NRGN, GRIN2B Sleep deprivation
ARHGAP18, LMX1B Sleep onset
MAGI2 Sleep offset
HEYL, OSM, AHRR Breathing rate during sleep
MCF2L2, WWTR1, VIM Behçet syndrome (sleep disturbances)
ACLY, ANAPC11, AP2B1, BECN1, CPD, 
DCAKD, DLX4, DYNLL2, FAM195B, PCGF2, 
RAC, SLC9A3R1 

Smith-Magenis syndrome (melatonin cycle 
inversion)
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Epigenetics and sleep



Emil K. Nilsson, Adrian E. Bostro¨m, Jessica Mwinyi, and Helgi B. Schio¨ th

Epigenomics of Total Acute Sleep Deprivation in Relation to Genome-
Wide DNA Methylation Profiles and RNA Expression

• 269 genes and 184 associated CpG site changed in methylation because of TSD.

• Two pathways affected by methylation changes, that is, the Notch (represented 
by the genes NOTCH4, RING1, HES1, CCND1, and MAML1, q value <0.05) and the 
Wnt (CCND1, FZD8, FRAT1, FZD6, and WNT) signaling pathway. 

Methylation and insufficient sleep
Subjective sleep insufficiency in a population cohort and in an 
occupational shift work sample. 

Distinctive pattern of DMPs among individuals suffering from sleep 
disturbances. 

This pattern consisted of 399 DMPs, out of which 327 were annotated to 
genes that showed an enrichment of associations with the nervous 
system development pathway (NSD).



What will we need
• Reliable phenotype
• Data banks

-genomic data

-metabolic data

-EEG

• Algorhytms 
• Data visualization
• Modeling
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